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(54) Polarization diversity receiver systems 

(57) A polarization diversity receiver system for 
yielding multiple heterodyne optical output signals from 
an incident optical beam having a p-polarized compo- 
nent and an s-polarized component comprises first and 
second sequentially-arrayed polarizing beamsplitters 
(42, 54), and three photodetectors (48, 58, 64), each of 
which receives a heterodyne optical signal. The polari- 
zation diversity receiver system tracks the largest of 
these three signals, and uses only this largest one for 
subsequent signal processing. There is a minimum for 
this largest signal that is dependent on the input polari- 
zations of two optical fields whose beat note is the het- 
erodyne signal, so that one can maximize the minimum 
of this largest of the three heterodyne signals. The first 
polarizing beamsplitter (42) ideally splits the incident 
beam into a transmitted beam portion (T), including 
approximately 100% of the p-polarized component and 



approximately 33% of the s-polarized component, and a 
reflected beam portion (R) including approximately 0% 
of the p-polarized component and approximately 67% of 
the s-polarized component. The reflected beam portion 
(R) exits from the first polarizing beamsplitter (42) as a 
first heterodyne optical output signal, and impinges on a 
first photodetector (48). The transmitted beam portion 
(T) exits from the first beamsplitter (42), and then under- 
goes an effective 45° rotation of its polarization eigen- 
states around its axis of propagation, either prior to or 
during its passage through the second polarizing beam- 
splitter (54). The second beamsplitter (54) splits the 
rotated transmitted beam portion into second and third 
heterodyne optical output signals which respectively 
impinge upon second and third photodetectors (58, 64). 
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Description 

The present invention relates generally to the field 
of optical signal receivers. More specifically, the present 
invention relates to a polarisation diversity receiver sys- 
tem that receives an optical beam having a p-polarised 
component and an s-polarized component. 

In systems that receive optical signals from an opti- 
cal fiber, signal fading can be caused by changes in the 
polarization of the optical signals transmitted through 
the optical fiber. Specifically, phase information from two 
or more optical signals propagated through a fiber optic 
transmission line can be lost at the receiver if the polar- 
izations of two signals of interest are crossed, resulting 
in no detector beat note. One can thus provide some 
mechanism for treating the signal, before detection, that 
yields, in all cases of polarization wander, a suitably 
large detector beat note for signal processing. 

One mechanism that addresses the above- 
described problem is described in U.S. Patent Specifi- 
cation No. 5,448,058. This specification discloses an 
apparatus comprising an array of photodetector ele- 
ments preceded by a polarizer array, the latter including 
a plurality of polarizers having axes of polarization 
spaced apart by selected angles such that each optical 
signal incident on the polarizer array has a polarization 
component along at least one of the axes of polariza- 
tion. The photodetector elements are arranged so that 
each receives light from a selected one of the polariz- 
ers. At least one photodetector element receives paral- 
lel polarization components from the optical signals to 
generate an electrical signal indicative of interference 
between the optical signals. 

The above-described apparatus has a theoretical 
insertion loss of about 4.8 dB to about 9.0 dB. In prac- 
tice, the need for spacers between adjacent photode- 
tectors results in "dead space", yielding measured 
insertion losses of about 7 dB to about 10 dB. Further- 
more, it requires a relatively precise alignment of the 
optic fiber, the polarizers and the photodetectors. This 
characteristic makes the entire apparatus sensitive to 
vibrations and mechanical shock. 

According to one aspect of the invention, there is 
provided a polarization diversity receiver system for 
yielding multiple heterodyne optical output signals from 
an incident optical beam having a p-polarized compo- 
nent and an s-polarized component, the system com- 
prising: 

a first optical element, disposed so as to receive the 
incident beam, that splits the incident beam into a 
transmitted beam portion including a major portion 
of the p-polarized component, being m% (where m 
is at least 80) of the p-polarized component and a 
minor portion of the s-polarized component, being 
n% (where n is at least 20) of the s-polarized com- 
ponent, and a reflected beam portion that exits the 
first optical element as a first heterodyne optical 
output signal including approximately l00-m% of 



the p-polarized component and approximately 100- 
n% of the s-polarized component; 
a first photodetector disposed so as to receive the 
first heterodyne optical output signal; 

5 a second optical element, disposed so as to receive 
the transmitted beam portion from the first optical 
element, that provides an effective 45° rotation of 
the polarization eigenstates of the transmitted 
beam portion, and that spirts the transmitted beam 

10 portion into second and third heterodyne optical 
output signals; 

a second photodetector disposed to receive the 

second heterodyne optical output signal; and 

a third photodetector disposed to receive the third 

is heterodyne optical output signal. Such a receiver 
system can be designed to reduce polarization sig- 
nal fading with greatly reduced insertion losses, 
and with enhanced mechanical stability and resist- 
ance to misalignment due to vibrations and 

20 mechanical shock. Moreover such a receiver sys- 
tem is capable of practical implementation with 
standardized optical components to the extent pos- 
sible. 

25 One embodiment provides a high efficiency polari- 
zation diversity receiver system for yielding multiple het- 
erodyne optical output signals from an incident optical 
beam having a p-polarized component and an s-polar- 
ized component. Each of preferred variants of this 

30 embodiment comprises first and second sequentially- 
arrayed polarizing beamsplitters, and three photodetec- 
tors each of which receives a heterodyne optical signal. 
Such a polarization diversity receiver system can be 
designed to track the largest of these three signals, and 

35 use only this largest one for subsequent signal process- 
ing. There is a minimum for this largest signal that is 
dependent on the input polarizations of the two optical 
fields whose beat note is the heterodyne signal. Thus, 
one can maximize the minimum of this largest of the 

40 three heterodyne signals. 

In preferred embodiments of the present invention, 
the first polarizing beamsplitter ideally splits the incident 
beam into a transmitted beam portion including approx- 
imately 100% of the p-polarized component and 

45 approximately 33% of the s-polarized component, and a 
reflected beam portion including approximately 0% of 
the p-polarized component and approximately 67% of 
the s-polarized component The reflected beam portion 
exits from the first polarizing beamsplitter as a first het- 

50 erodyne optical output signal, and impinges on a first 
photodetector. More generally n may be at least 25. The 
transmitted beam portion exits from the first beamsplit- 
ter, and then undergoes an effective 45° rotation of its 
polarization eigenstates around its axis of propagation, 

55 either prior to or during its passage through the second 
polarizing beamsplitter. The second beamsplitter splits 
the rotated transmitted beam portion into second and 
third heterodyne optical output signals, which respec- 
tively impinge upon second and third photodetectors. 
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In a first preferred variant, the second polarizing 
beamsplitter comprises a uniaxial crystal plate that is 
optically coupled to the first beamsplitter so as to 
receive the transmitted beam portion therefrom. The 
crystal plate provides the effective 45° rotation of the 
polarization eigenstates of the transmitted beam por- 
tion, and splits the rotated transmitted beam portion into 
an ordinary ray transmitted through the plate with a first 
linear polarization, and an extraordinary ray transmitted 
through the plate with a second linear polarization that 
is orthogonal to the first linear polarization. The ordinary 
ray exits the plate as the second heterodyne optical out- 
put signal, and the extraordinary ray exits the plate as 
the third heterodyne optical output signal. 

In a second preferred variant, the transmitted beam 
portion enters a half -wave retarder plate that is optically 
coupled to the first polarizing beamsplitter. The retarder 
plate provides the effective 45° rotation of the polariza- 
tion eigenstates of the transmitted beam portion. The 
rotated transmitted beam portion then enters a second 
polarizing beamsplitter that is optically coupled to the 
retarder plate, and that splits the rotated transmitted 
beam portion into a second transmitted beam portion 
that is approximately 100% p-polarized, and a second 
reflected beam portion that is approximately 100% s- 
polarized. The second transmitted beam portion exits 
from the second beamsplitter as the second heterodyne 
optical signal, and the second reflected beam portion 
exits from the second beamsplitter as the third hetero- 
dyne optical output signal. 

In a third preferred variant, the transmitted beam 
portion directly passes from the first polarizing beam- 
splitter into a second polarizing beamsplitter that is opti- 
cally coupled directly to the first polarizing beamsplitter. 
The second beamsplitter is oriented with respect to the 
axis of propagation of the transmitted beam portion so 
as to provide an effective 45° rotation of the polarization 
eigenstates of the transmitted beam portion. The sec- 
ond polarizing beamsplitter splits the rotated transmit- 
ted beam portion into a second transmitted beam 
portion that is approximately 100% p-polarized, and a 
second reflected beam portion that is approximately 
100% s-polarized. The second transmitted beam por- 
tion exits from the second beamsplitter as the second 
heterodyne optical signal, and the second reflected 
beam portion exits from the second beamsplitter as the 
third heterodyne optical output signal. 

A polarization diversity receiver system in accord- 
ance with the present invention can be so designed as 
to be capable of functioning with insertion losses of less 
than 6 db, and even as low as 1 db or less. Furthermore, 
such receivers need not be dependent on precise align- 
ment of its optical components, and it is therefore rela- 
tively insensitive to mechanical shock. 

Various other aspects of the invention are exempli- 
fied by the attached claims. 

For a better understanding of the invention, and to 
show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the 



accompanying drawings, in which :- 

Figure 1 is a diagrammatic representation of a 
polarization diversity receiver system in accord- 
5 ance with a first preferred embodiment of the 
present invention; 

Figure 2 is a perspective view of a crystalline calctte 
block used as an optical beamsplitter in the embod- 
iment of Figure 1 ; 

10 Figure 3 is an elevational view of one face of the 
block of Figure 2, showing the orientation of the 
optical axis with respect to that face; 
Figure 4 is a diagrammatic representation of a 
polarization diversity receiver system in accord- 

15 ance with a second preferred embodiment of the 
present invention; 

Figure 5 is a perspective view of a crystalline quartz 
plate used as an optical naff wave retarder plate in 
the embodiment of Figure 4; 

20 Figure 6 is an elevational view of one face of the 
plate of Figure 5, showing the orientation of the 
optical axis with respect to that face; 
Figure 7 is a diagrammatic representation of a 
polarization diversity receiver system in accord- 

25 ance with a third preferred embodiment of the 
present invention; and 

Figure 8 is an elevational view taken along line 8 - 8 
of Figure 7. 

30 Figure 1 represents a high efficiency polarization 
diversity receiver system 10, in accordance with a first 
preferred embodiment of the present invention. The 
receiver system 10 receives an optical signal from a sin- 
gle mode optical f Oder 1 2 that transmits an optical signal 

35 (visible or infrared) from a suitable source (not shown), 
which may be a laser. The optical ffoer 12 is rigidly sup- 
ported within structural support tube or ferrule 14, in a 
manner well-known in the art. The optical signal 
emerges as a beam from the proximal end of the optical 

40 fiber 1 2 and enters a focusing lens 1 6 after traversing an 
optical gap 18. The lens 16 is preferably a graded index 
("GRIN") lens, of the type that is commercially available 
from NSG America, Inc., Somerset, NJ, under the trade- 
mark "SELFOC", or the equivalent. The lens 16 focuses 

45 the optical beam in a manner to be described below. 
The gap 18 may be of any material, including air, that is 
transparent to the optical wavelength used. Preferably, 
the gap 18 is adjustable to assure that the optical beam 
enters the lens 16 with the proper amount of divergence 

so to achieve the desired focal length for the 2 lens. 

The lens 16 is mechanically and optically coupled 
to a first polarizing beamsplitter 20. The first beamsplit- 
ter 20 comprises a first or input prism 22 i (to which the 
lens 16 is coupled), and a second or output prism 24, 

55 coupled to the input prism 22 along a coated optical 
interface 26. The prisms 22, 24 are commercially avail- 
able Kerns of optical quality glass, preferably of the type 
marketed under the designation "BK7" by Schott Glass- 
werke, Mainz, Germany, or the equivalent. 
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The prisms 22, 24 are preferably right-angled 
prisms, and the optical interface 26 between them forms 
an angle a of 45° with respect to the incident optical 
beam I entering the first beamsplitter 20 from the lens 
16. The interface 26 is optically coated to split the inci- 5 
dent beam I into two beams, separated from each other 
by 90°, with different ratios of p-polarization and s-polar- 
ization of the optical signal. For this embodiment, the 
coating at the interface 26 is designed to achieve nearly 
an ideal 100% transmission of the p-polarized compo- w 
nent of the signal, and thus nearly an ideal 0% reflection 
of the p-polarized component For the s-polarized com- 
ponent, it is desired to achieve approximately an ideal 
transmission of 33%, and thus approximately an ideal 
reflection of 67%. Thus, the portion T of the optical sig- 15 
nal transmitted through the interface 26 will include 
approximately 100% of its p-polarized component, and 
approximately 33% of its s-polarized component. The 
portion R of the optical signal reflected at the interface 
26 will include almost none of its p-polarized compo- 20 
nent, and approximately 67% of its s-polarized compo- 
nent. 

The specific coating needed to achieve the afore- 
mentioned polarization characteristics of the transmit- 
ted and reflected portions of the incident beam depends 25 
on the wavelength of the incident beam. If, for example, 
a nominal wavelength of 1320 nm is employed, the coat- 
ing should be a so-called "quarter wave stack", compris- 
ing three layers of silicon nitride, each about 221 nm 
thick, alternated with two layers of silicon dioxide, each 30 
about 330 nm thick. These materials and dimensions 
will not achieve the ideal transmission and reflection 
ratios set forth above, but they will achieve sufficiently 
close approximations to yield useful results. It is consid- 
ered to be well within the expertise of those of ordinary 35 
skill in the pertinent arts to provide specific coating com- 
positions and thicknesses that are suitable for other 
wavelengths of potential interest. 

The reflected portion R of the incident beam I is 
directed through the input prism 22, at a right angle to 40 
the transmitted portion, into a first photodetector 28. 
The transmitted portion T passes through the output 
prism 24 into a uniaxial calcite crystal plate 30 that is 
mechanically and optically coupled to the output prism 
24 so as to receive the transmitted beam portion T 45 
therethrough. The calcite crystal plate 30 functions as a 
second polarizing beamsplitter, and, as shown in Fig- 
ures 2 and 3, has an exit face A, an entry face B parallel 
to the exit face A, and a side face C. The calcite crystal 
plate 30 has an optical axis 32 that forms a 45° angle so 
with the plane of the exit face A. As viewed from the exit 
face A, as shown in Figure 3, the optical axis 32 extends 
as a diagonal across the exit face A at an angle of 45° 
to the side face C. This orientation of the optical axis 32 
of the calcite crystal plate 30 provides an effective 45° 55 
rotation of the polarization eigenstates of the transmit- 
ted beam portion T around its axis of propagation 
between the two beamsplitters 20. 30. 

The calcite crystal plate 30 propagates one linear 



polarization of the transmitted beam portion T as an 
ordinary ray, and the orthogonal polarization as an 
extraordinary ray at an angle of about 6° to the ordinary 
ray. The ordinary ray exits the calcite crystal plate 30 as 
a first transmitted beam portion T1 which enters a sec- 
ond photodetector 34, while the extraordinary ray exits 
the calcite crystal plate 30 as a second transmitted 
beam portion T2 which enters a third photodetector 36. 

The optical dimensions of all optical components 
(i.e. the prisms 22, 24 and the calcite crystal plate 30) 
are selected to create an optical path length for the 
reflected beam portion R that is approximately equal to 
the optical path lengths for the transmitted beam por- 
tions Tl and T2. Proper selection of the GRIN lens 16 
and the width of the optical gap 18 for the selected 
wavelength of the optical signal results in focused and 
magnified beam images impinging on each of the detec- 
tors 28, 34, 36. For example, for a nominal beam wave- 
length of 1320 nm, a quarter-pitch GRIN lens 16 of 
approximately 1 .0 mm in diameter is separated from the 
end of the optical fiber 14 by a gap 18 of approximately 
0.3 mm in width. 

A high efficiency polarization diversity receiver sys- 
tem 40, in accordance with a second preferred embodi- 
ment of the invention, is illustrated in Figure 4. In this 
embodiment, a collimating GRIN lens 41, receiving an 
optical signal from a single mode optical fiber (not 
shown) is optically and mechanically coupled to an input 
face of a first polarizing beamsplitter 42 into which it 
directs a collimated incident beam I. This first beamsplit- 
ter 42 includes a first optical interface 44 that is coated, 
as described above, to achieve nearly an ideal 100% 
transmission of the p-polarized component of the signal, 
and thus nearly an ideal 0% reflection of the p-polarized 
component. For the s-polarized component, it is desired 
to achieve approximately an ideal transmission of 33%, 
and thus approximately an ideal reflection of 67%. 
Thus, the portion T of the optical signal transmitted 
through the first interface 44 will include approximately 
100% of its p-polarized component, and approximately 
33% of its s-polarized component. The portion R of the 
optical signal reflected at the first interface 44 will 
include almost none of its p-polarized component, and 
approximately 67% of its s-polarized component. 

The reflected portion R of the incident optical signal 
beam I is directed out of the first beamsplitter 42, at a 
right angle to the transmitted portion T of the beam, 
through a first focusing lens 46 into a first photodetector 
48. The transmitted portion T of the incident optical sig- 
nal beam I passes through the first beamsplitter 42 into 
a quartz half-wave retarder plate 50 that is mechanically 
and optically coupled to an output face of the first beam- 
splitter 42. 

The retarder plate 50 rotates the polarization eigen- 
states of the transmitted beam portion T 45° around its 
axis of propagation. As illustrated in Figures S and 6, 
the retarder plate 50 has a polished exit face A\ a pol- 
ished entry face B' parallel to the exit face A', and a side 
face C\ To achieve the aforementioned 45° beam rota- 
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tion, the retarder plate 50 has an optical axis 52 that is 
contained in a plane that forms an angle of 22°30' with 
respect to the side face C*. Furthermore, to achieve the 
required half-wave retardation, the orientation of the 
optical axis 52 with respect to the exit face A' and the 5 
thickness (measured in the direction of the axis of prop- 
agation) of the retarder plate 50 must be property 
selected for the wavelength of the incident beam I. 
Thus, for example, where the incident beam I has a 
nominal wavelength of 1320 nm, the optical axis 52 is 10 
oriented at an angle of 13°4' with respect to the normal 
to the exit face A', and the thickness of the retarder plate 
50 is approximately 1 .5 mm. 

Referring again to Figure 4, upon exiting from the 
retarder plate 50, the transmitted beam portion T enters 15 
a second polarizing beamsplitter 54 that is optically and 
mechanically coupled to the exit face A' of the retarder 
plate 50. The second polarizing beamsplitter 54 is a 
commercially available item having a second optical 
interface 56 that is coated so as to transmit nearly 1 00% 20 
of the p-polarized component of the optical signal and 
nearly 0% of the s-polarized component, and to reflect 
nearly 100% of the s-polarized component and nearly 
0% of the p-polarized component. The transmitted p- 
polarized component Tp exits the second beamsplitter 25 
54 along the original axis of propagation, and, after 
passing through a second focusing lens 58, impinges 
upon a second photodetector 60. The reflected s-polar- 
ized component R, exits the second beamsplitter 54 at 
a right angle to the original axis of propagation, and, 30 
after passing through a third focusing lens 62, impinges 
upon a third photodetector 64. 

A high efficiency polarization diversity receiver 70, 
in accordance with a third embodiment of the invention, 
is illustrated in Figures 7 and 8. In this embodiment, a 35 
collimating GRIN lens 72, receiving an optical signal 
from a single mode optical fiber (not shown) is optically 
and mechanically coupled to an input face of a first 
polarizing beamsplitter 74, into which it directs a colli- 
mated incident beam I. This first beamsplitter 74 is sub- 40 
stantially identical in optical properties to the first 
beamsplitter 42 of the above-described second embod- 
iment. Thus, the first beamsplitter 74 of the third embod- 
iment includes a first optical interface 76 that is coated, 
as described above, to achieve nearly an ideal 100% 45 
transmission of the p-polarized component of the signal, 
and thus nearly an ideal 0% reflection of the p-polarized 
component. For the s-polarized component, it is desired 
to achieve approximately an ideal transmission of 33%, 
and thus approximately an ideal reflection of 67%. so 
Thus, the portion T of the optical signal transmitted 
through the first interface 76 will include approximately 
100% of its p-polarized component, and approximately 
33% of its s-polarized component. The portion R of the 
optical signal reflected at the first interface 76 will 55 
include almost none of its p-polarized component, and 
approximately 67% of its s-polarized component. 

The reflected portion R of the incident optical signal 
beam I is directed out of the first beamsplitter 74, at a 



right angle to the transmitted portion T of the beam, 
through a first focusing lens 78 into a first photodetector 
80. The transmitted portion T of the incident optical sig- 
nal beam I passes through the first beamsplitter 74 into 
a second polarizing beamsplitter 82, which is optically 
and mechanically coupled to an output face of the first 
beamsplitter 74. The second beamsplitter 82 of this 
third embodiment is substantially optically identical to 
the second beamsplitter 54 of the above-described sec- 
ond embodiment except that, in this third embodiment, 
it is physically rotated 45° around the axis of propaga- 
tion of the transmitted portion T of the incident beam. 
Thus, the second beamsplitter 82 has a second optical 
interface 84 that is coated so as to transmit nearly 1 00% 
of the p-polarized component of the optical signal and 
nearly 0% of the s-polarized component, and to reflect 
nearly 100% of the s-polarized component and nearly 
0% of the p-polarized component. The transmitted p- 
polarized component T p exits the second beamsplitter 
82 along the original axis of propagation, and, after 
passing through a second focusing lens 86, impinges 
upon a second photodetector 88. The reflected s-polar- 
ized component 1%. exits the second beamsplitter 82 at 
a right angle to the original axis of propagation, and, 
after passing through a third focusing lens 90, impinges 
upon a third photodetector 92. 

The polarization diversity receiver system 70 of the 
third embodiment differs from the system 40 of the sec- 
ond embodiment primarily in that the system 70 of the 
third embodiment requires no retarder plate 50 between 
the two beamsplitters 74, 82. On the other hand, it 
requires a physical rotation of the second beamsplitter 
82 with respect to the first beamsplitter 54, so that the 
emerging reflected beam portions R and R 8 are not co- 
planar, as shown in Figure 8. 

Accordingly, the first focusing lens 78 and the first pho- 
todetector 80 lie in a different plane from that in which 
the third focusing lens 90 and the third photodetector 92 
lie. Therefore, while the system 40 of the second 
embodiment is somewhat more complex in terms of the 
number of components than is the system 70 of the third 
embodiment, it is amenable to more compact packag- 
ing, because its focusing lenses and photodetectors 
can all be made to lie in a single plane. This advantage 
is also achieved in the system 10 of the first embodi- 
ment. 

It will be seen that all of the above-described 
embodiments can be implemented using mostly stand- 
ardized optical components, except for the first beam- 
splitter, which requires a specialized coating, albeit a 
coating that is well within the.skili of the ordinary practi- 
tioner in the relevant arts to select and to apply. 

The operation of the invention is essentially the 
same for all embodiments. Nevertheless, the nomencla- 
tures adopted above for the beam components in the 
second and third embodiments are identical and, there- 
fore, the operational description will be more readily 
generalized if it adopts the same nomenclature. Accord- 
ingly, for the purposes of the following operational 
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description, it will be assumed that there are, function- 
ally, first and second polarizing beamsplitters, the sec- 
ond of which rotates the polarization eigenstates of the 
transmitted beam portion 45° about the axis of propaga- 
tion, and that the reflected and transmitted beam por- 
tions are properly focused on their respective 
photodetectors after emerging from the beamsplitters. 

Assume that the incident beam I includes optical 
fields A and B, each of which includes a p-polarized 
component and an s-polarized component. For each 
field, the first beamsplitter produces a first transmitted 
beam portion T that comprises approximately 100% of 
the p-polarized component and approximately 33% of 
the s-polarized component, and it produces a first 
reflected beam portion R that comprises approximately 
67% of the s-polarized component. This first reflected 
beam portion R is detected by the first photodetector. 

The second beamsplitter, with the above-described 
45° polarization eigenstate rotation with respect to the 
first beamsplitter, produces an evenly-divided split of the 
p-polarized and s-polarized components received from 
the first beamsplitter. Thus, with nearly a 100% trans- 
mission of the p-polarized component and a nearly 
100% reflection of the s-polarized component, as dis- 
cussed above, the second photodetector receives a 
second transmitted beam portion T p that is nearly 100% 
p-polarized, while the third photodetector receives a 
second reflected beam portion R Q that is nearly 100% s- 
polarized. The result of this arrangement of the two 
beamsplitters and their respective divisions of the inci- 
dent beam on the basis of its polarization components 
is that the minimum possible amplitude of the largest of 
three photodetector signals is maximized. This signal is 
then tracked and used (to the exclusion of the others) for 
subsequent signal processing. Furthermore, as a con- 
sequence of the above-described arrangement of the 
beamsplitters and their polarization characteristics, 
there is a minimum, for each heterodyne signal, that is 
dependent on the input polarizations of the two fields A 
and B, whose beat note is that heterodyne signal, and, 
in the largest of the three heterodyne signals, this mini- 
mum will be maximized. 

Moreover, the three photodetectors receive, in total, 
all of the optica) signal in the incident beam I, in contrast 
to the apparatus described in the above-mentioned US. 
Patent Specification No. 5,448,058 in which a portion of 
the incident beam is absorbed by the polarizers and 
another portion is incident on the inter-detector spacers. 

Consequently, the above-described embodiment 
yields signal losses approximately 3 dB less than those 
experienced with the apparatus described in U.S. Pat- 
ent Specification No. 5,448,058, and this improvement 
has been experimentally confirmed. Thus, insertion 
losses of 6 db or less are easily accomplished, with 
losses of 1 db or less being contemplated as achieva- 
ble. 

Furthermore, the provision for focusing the 
detected beam portions onto the respective photode- 
tectors allows the use of smaller-area photodetectors 



than has previously been contemplated for similar appli- 
cations. This smaller size yields a lower capacitance for 
the detectors, with resultant lower voltage noise, 
thereby yielding an improved signal-to-noise ratio in the 
5 detected signal, as compared with the prior art appara- 
tus. 

In addition, the present invention is not dependent 
on the precise alignment of its optical components, and 
is therefore relatively insensitive to mechanical shock 

10 and vibrations. 

Although the invention has been described above in 
connection with an optical beam that is received from an 
optical ffoer and then (in the second and third embodi- 
ments) collimated (e.g., by a GRIN lens), it will be read- 

15 ily understood that any of the embodiments may receive 
an optical signal from a laser beam without the need for 
an optical fiber, and that collimation of the beam (in the 
second and third embodiments) can be accomplished at 
any point and by any suitable means, prior to the inci- 

20 dent beam's entry into the first beamsplitter. 

While several preferred embodiments of the 
present invention have been described hereinabove, it 
will be appreciated that a number of variations and mod- 
ifications may suggest themselves to those skilled in the 

25 pertinent arts. Such variations and modifications should 
be considered within the spirit and scope of the present 
invention. 

Claims 

30 

1 . A polarization diversity receiver system for yielding 
multiple heterodyne optical output signals from an 
incident optical beam having a p-polarized compo- 
nent and an s-polarized component, the system 
35 comprising: 

a first optical element (20), disposed so as to 
receive the incident beam, that splits the inci- 
dent beam into a transmitted beam portion (T) 

40 including a major portion of the p-polarized 

component, being m% (where m is at least 80) 
of the p-polarized component and a minor por- 
tion of the s-polarized component, being n% 
(where n is at least 20) of the s-polarized com- 

45 ponent, and a reflected beam portion (R) that 

exits the first optical element as a first hetero- 
dyne optical output signal including approxi- 
mately 100-m% of the p-polarized component 
and approximately 100-n% of the s-polarized 

so component; 

a first photodetector (28) disposed so as to 
receive the first heterodyne optical output sig- 
nal; 

a second optical element (24, 30). disposed so 
55 as to receive the transmitted beam portion (T) 

from the first optical element (22), that provides 
an effective 45° rotation of the polarization 
eigenstates of the transmitted beam portion, 
and that splits the transmitted beam portion 
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into second and third heterodyne optical output 
signals (T 1t Tg); 

a second photodetector (64) disposed to 
receive the second heterodyne optical output 
signal (T^; and 

a third photodetector (36) disposed to receive 
the third heterodyne optical output signal (T 2 ). 

2. A polarization diversity receiver according to Claim 
1 , wherein n is at least 25. 

3. A polarization diversity receiver according to claim 
2 wherein n is approximately 33 and 100 - n is 
approximately 67. 

4. A polarization diversity receiver according to claim 
1 , 2 or 3, wherein m is approximately 100. 

5. A polarization diversity receiver system according 
to any one of the preceding claims wherein the sec- 
ond optical element includes a uniaxial crystal plate 
(30) that is optically coupled to the first optical ele- 
ment, wherein the second heterodyne optical out- 
put signal 0"^ comprises an ordinary ray 
transmitted through the crystalplate (30) with a first 
linear polarization, and wherein the third hetero- 
dyne optical output signal (T 2 ) comprises an 
extraordinary ray transmitted through the crystal 
plate with a second linear polarization that is 
orthogonal to the first linear polarization. 

6. A polarization diversity receiver system according 
to claim 5, wherein the extraordinary ray forms an 
angle of approximately 6° with the ordinary ray. 

7. A polarization diversity receiver system according 
to claim 5 or 6, wherein the crystal plate has an exit 
face, an entry face parallel to the exit face, a side 
face, and an optical axis that forms an angle of 
approximately 45° with the plane of the exit face, 
wherein the optical axis, when viewed from the exit 
face, extends diagonally across the exit face at an 
angle of approximately 45° to the side face. 

8. A polarization diversity receiver system according 
to claim 5, 6 or 7, wherein the optical dimensions of 
the beamsplitter and the crystal plate are selected 
so that the optical path length of the reflected beam 
portion is approximately equal to the optical path 
lengths of the transmitted beam portion. 

9. A polarization diversity receiver system according 
to any one of the preceding claims comprising a 
focusing lens, optically coupled to the polarizing 
beamsplitter so as to introduce the incident beam 
thereinto, and having a focal length selected so that 
each of the first, second, and third output signals is 
a magnified optical beam image focused so as to 
impinge on the first, second, and third photodetec- 



tors, respectively. 

10. A polarization diversity receiver system according 
to any one of claims 1 to 4, wherein the second opti- 

5 cal element comprises: 

a polarizing beamsplitter (54); and 
a harfwave retarder plate (50) that is optically 
coupled between the first and second polariz- 
10 ing beamsplitters. 

11. A polarization diversity receiver system according 
to claim 10, wherein the transmitted beam portion is 
a first transmitted beam portion (T), wherein the 

15 reflected beam portion is a first reflected beam por- 
tion (R), and wherein the polarizing beamsplitter of 
the second optical element is arranged to split the 
first transmitted beam portion into (a) a second 
transmitted beam portion (Tp) that is at least 80% p- 
20 polarized and that exits the second polarizing 
beamsplitter as the second heterodyne optical out- 
put signal, and (b) a second reflected beam portion 
(Rs) that is at least 80% s-polarized and that exits 
the polarizing beamsplitter of the second optical 
25 element as the third heterodyne optical output sig- 
nal. 

12. A polarization diversity receiver system according 
to claim 10 or 11, wherein the retarder plate (50) 

30 has an exit face, an entry face, a side face and an 
optical axis that is contained in a plane that forms 
an angle of approximately 2203fr with respect to 
the side face. 

35 13. A polarization diversity receiver system according 
to any one of claims 1 to 4, wherein the second opti- 
cal element comprises a polarizing beamsplitter 
(82) rotated approximately 45° around the axis of 
propagation of the transmitted beam portion. 

40 

14. A polarization diversity receiver system according 
to claim 13, wherein the polarizing beamsplitter 
(82) of the second optical element is rotated 
approximately 45° around the axis of propagation of 

45 the transmitted beam portion. 

15. A polarization diversity receiver system according 
to any one of the preceding claims, wherein the first 
optical element (20) includes a polarizing beam- 

so splitter. 

16. A polarization diversity receiver system according 
to claim 15, wherein the polarizing beamsplitter of 
the first optical element comprises first and second 

55 optical prisms mechanically and optically coupled 
to each other along an optical interface. 

17. A polarization diversity receiver system of accord- 
ing to claim 16, wherein the optical interface forms 
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an angle of approximately 45° with the incident 
beam and is coated with an optical coating com- 
prising alternating layers of silicon nitride and sili- 
con dioxide. 

5 

18. A polarization diversity receiver system according 
to claim 17, wherein the optical coating comprises 
three layers of silicon nitride and two layers of sili- 
con dioxide. 

w 

19. A polarization diversity receiver system according 
to any one of the preceding claims, comprising: 

a collimating lens that is optically coupled to the 
first polarizing beamsplitter so as to introduce is 
the incident beam thereinto as a substantially 
coliimated optical beam; and 
first, second and third focusing lenses that 
respectively focus the first, second and third 
optical output signals so as to impinge, respec- 20 
tively. on the first, second and third photodetec- 
tors. 



splitting the rotated transmitted beam portion 
into (a) a second heterodyne optical output sig- 
nal propagated as a second transmitted beam 
portion, and (b) a third heterodyne optical out- 
put signal propagated as a second reflected 
beam portion. 

23. A method according to claim 22, wherein the sec- 
ond transmitted beam portion is at least 80% p- 
polarized, and wherein the second reflected beam 
portion is at least 80% s-polarized. 

24. A method according to any one of claims 20 to 23. 
wherein n is at least 25. 

25. A method according to claim 24 wherein n is 
approximately 33 and 100 - n is approximately 67. 

26. A method according to any one of claims 20 to 25, 
wherein m is approximately 100. 



20. A method for generating multiple heterodyne optical 
output signals from an incident optical beam having 25 
a p-polarized component and an s-polarized com- 
ponent, the method comprising the steps of: 



(a) splitting the incident beam into a transmitted 
beam portion including a major portion of the p- 30 
polarized component, being m% (where m is at 
least 80) of the p-polarized component and a 
minor portion of the s-polarized component, 
being n% (where n is at least 20) of the s-polar- 
ized component, and a reflected beam portion 35 
that is propagated as a first heterodyne optical 
output signal including approximately 100-m% 

of the p-polarized component and approxi- 
mately 100-n% of the s-polarized component; 

(b) providing an effective 45° rotation of the 40 
polarization egenstates of the transmitted 
beam portion; and 

(c) splitting the rotated transmitted beam por- 
tion into second and third heterodyne optical 
output signals. 45 



21 . A method of according to claim 20, wherein the step 
of splitting the rotated transmitted beam portion 
comprises the step of splitting the rotated transmit- 
ted beam portion into a second heterodyne optical so 
output signal propagated as an ordinary ray having 
a first linear polarization, and a third heterodyne 
optical output signal propagated as an extraordi- 
nary ray having a second linear polarization that is 
orthogonal to the first linear polarization. 55 



22. A method according to claim 20, wherein the step of 
splitting the rotated transmitted beam portion com- 
prises the step of: 
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